In Europe the Borrelia burgdorferi sensu lato complex is represented by five distinct genospecies: Borrelia burgdorferi sensu stricto, Borrelia afzelii, Borrelia garinii, Borrelia valaisiana, and Borrelia lusitaniae. These taxonomic entities are known to differ in their specific associations with vertebrate hosts and to provoke distinct clinical manifestations in human patients. However, exceptions to these rules have often been observed, indicating that strains belonging to a single genospecies may be more heterogeneous than expected. It is, therefore, important to develop alternative identification tools which are able to distinguish Borrelia strains not only at the specific level but also at the intraspecific level. DNA from a sample of 370 Ixodes ricinus ticks collected in the Czech Republic was analyzed by PCR for the presence of a ϳ230-bp fragment of the rrfA-rrlB intergenic spacer of Borrelia spp. A total of 20.5% of the ticks were found to be positive. The infecting genospecies were identified by analyzing the amplified products by the restriction fragment length polymorphism (RFLP) method with restriction enzyme MseI and by single-strand conformation polymorphism (SSCP) analysis. The two methods were compared, and PCR-SSCP analysis appeared to be a valuable tool for rapid identification of spirochetes at the intraspecific level, particularly when large samples are examined. Furthermore, by using PCR-SSCP analysis we identified a previously unknown Borrelia genotype, genotype I-77, which would have gone unnoticed if RFLP analysis alone had been used.
Lyme borreliosis, the most common vector-borne zoonotic disease in the northern hemisphere, is caused by spirochetes of the Borrelia burgdorferi sensu lato complex. B. burgdorferi is efficiently maintained in nature through enzootic cycles, which involve ticks of the Ixodes ricinus complex and a variety of vertebrate reservoir hosts. In Europe, the recognized vector of Lyme disease is Ixodes ricinus (3, 9, 25) .
Data from a number of molecular and phenotypic studies resulted in subdivision of the B. burgdorferi sensu lato complex into different taxonomic entities, named genospecies or genotypes (1, 4, 8, 10, 13, 15, 31, 32, 33, 34, 35, 39, 41, 54, 55, 58) . The molecular typing methods, as reviewed by Wang et al. (57) , included DNA-DNA hybridization analysis, pulsed-field gel electrophoresis, plasmid fingerprinting, randomly amplified polymorphic DNA analysis, species-specific PCR, PCR followed by restriction fragment length polymorphism (RFLP) analysis, PCR followed by single-strand conformation polymorphism (SSCP) analysis, and nucleic acid sequence analysis.
As a result of the increase in the number of such studies throughout Europe and the gradual implementation of improved molecular tools, the geographic boundaries of each genospecies' distribution are continually revised. According to the latest data, Borrelia afzelii, Borrelia garinii, Borrelia valaisiana, and B. burgdorferi sensu stricto are distributed nearly throughout Europe (1, 11, 12, 14, 17, 24, 27, 28, 30, 40, 43, 47, 48, 49) . Unlike the other genospecies, Borrelia lusitaniae seems to occur preferentially in the Iberian Peninsula and is only sporadically detected in other European countries (12) . Furthermore, Borrelia bisettii-like spirochetes and strain A14S were isolated from erythema migrans lesions in Slovenia (46) and in The Netherlands (56) , respectively.
The three main pathogenic species, B. burgdorferi sensu stricto, B. afzelii, and B. garinii, are known to cause different clinical manifestations in humans (53) , and different levels of pathogenicity were recently described for distinct genetic clones within single genospecies (5) .
In addition, the European genospecies are considered to be preferentially associated with different reservoir hosts (20, 21, 22, 23, 28, 29) . The hypothesized origin of such specific associations is attributed to the fact that different groups of vertebrates (rodents and birds) exhibit distinct types of innate immunity, which may either destroy or tolerate certain Borrelia genospecies (29, 30) . However, other observations seem to disagree with these hypotheses (11, 24, 37, 42) , implying that within Borrelia genospecies, the interactions with different vertebrate hosts may be more diverse than expected.
Because genetic differences appear to be linked with distinct ecological, epidemiological, and clinical features, it is necessary to develop rapid identification methods in order to identify spirochetes at the intraspecific level. PCR-RFLP analysis of the 5S (rrfA)-23S (rrlB) intergenic spacer sequence is one of the most widely used and rapid methods for classifying Borrelia strains into genospecies (39) . This method has the advantage of allowing rapid screening of a large number of samples in epidemiological and medical surveys, but it differentiates strains only at the genospecies level. SSCP analysis is a relatively simple technique which can be used for rapid screening of minimal sequence variations (16, 36, 50) . The main aim of this study was to develop and optimize SSCP analysis of the highly variable rrfA-rrlB intergenic spacer of B. burgdorferi sensu lato in order to establish the extent of genetic heterogeneity among and within the genospecies of the B. burgdorferi sensu lato complex detected in I. ricinus ticks collected in the southern part of the Czech Republic.
MATERIALS AND METHODS
Tick collection. In October 2000, 374 I. ricinus ticks (44 males, 68 females, and 262 nymphs) were collected by flagging the vegetation in a temperate forested area around Č eské Budějovice (48°59Ј5ЉN, 14°28Ј5ЉE) in the Czech Republic. The ticks were immediately stored in 70% ethanol until DNA was extracted.
DNA extraction. DNA was extracted from ticks by using a DNeasy tissue kit (Qiagen, Valencia, Calif.) and a previously described modified protocol (6) . Immediately prior to extraction, the ticks were vacuum dried for 30 min. Each sample was cut with a disposable sterile scalpel, and proteins were degraded overnight at 56°C in 180 l of ATL buffer (Qiagen) and 20 l of a proteinase K solution (14 mg/ml; Boehringer Mannheim, Indianapolis, Ind.). The remaining extraction steps were carried out according to the manufacturer's protocol. The DNA was eluted in 50 l of deionized water and stored at 4°C. PCR. A MasterTaq DNA polymerase kit (Eppendorf, Westbury, N.Y.) was used for all PCRs. A total of 2.5 l of template DNA was added to a PCR master mixture containing 10.4 l of deionized water, 5 l of 5ϫ TaqMaster PCR enhancer, 2.5 l of 10ϫ Taq buffer (with 15 mM Mg 2ϩ ), 1.5 l of a 25 mM solution of magnesium acetate, 0.1 l of a Taq DNA polymerase solution (5 U/ l), 0.5 l of a deoxynucleoside triphosphate mixture (containing each deoxynucleoside triphosphate at a concentration of 10 mM) (Eppendorf), and 1.25 l of a solution of each primer (10 pmol/l) (Invitrogen, Frederick, Md.). When PCR products were needed for RFLP analysis, the total volume of the PCR mixtures was doubled to 50 l. Primer sets used in this study are listed in Table 1 .
In order to verify that DNA had been successfully extracted from each specimen, a ϳ620-bp fragment of the mitochondrial cytochrome b gene was amplified from each DNA sample. Primers cytb1 and cytb2 for conserved regions of the cytochrome b genes of Ixodes hexagonus and Rhipicephalus sanguineus (7) were used. The reaction mixtures were subjected to 35 thermal cycles consisting of 94°C for 15 s, 45°C for 50 s, and 65°C for 90 s. The PCR products were electrophoresed on a 1% agarose gel, stained with ethidium bromide, and visualized with a UV transilluminator.
Only positive samples were examined further for the presence of B. burgorferi sensu lato by amplifying a portion of the rrfA-rrlB intergenic spacer. Primers IGSa and IGSb were designed by comparing all homologous nucleotide sequences found in the GenBank database and then selecting two appropriately conserved regions. Each sample was subjected to a touchdown PCR program consisting of five cycles of 94°C for 15 s, 61°C (with the temperature decreasing 0.2°C/cycle) for 25 s, and 72°C for 30 RFLP analysis. For each positive sample, 13 l of amplified DNA (intergenic spacer) was digested at 37°C for 9 h in a solution containing 0.5 l of MseI (10,000 U/ml; New England Biolabs, Beverly, Mass.) and 1.5 l of 10ϫ NE buffer 2 (New England Biolabs). The enzyme was heat inactivated at 65°C for 20 min. Electrophoresis was carried out by using 4 to 20% Novex TB gradient gels (Invitrogen, Carlsbad, Calif.) at 150 V for 3 h. The gels were stained with SYBR Gold nucleic acid gel stain (Molecular Probes, Eugene, Oreg.) for 20 min, and bands were visualized with a UV transilluminator. At least two representative samples of each distinct profile were sequenced (see below). SSCP analysis. Different running temperatures (5, 15, and 20°C), running times (2, 3, and 4 h), and gel concentrations (4 to 20% polyacrylamide gradient gel and 20% polyacrylamide gel) were tested in order to optimize SSCP conditions. Five microliters of each purified PCR product (intergenic spacer) was mixed with 12.6 l of 1.25ϫ Tris-borate-EDTA buffer (Eppendorf), 0.4 l of methylmercury hydroxide (Johnson Matthey, Ward Hill, Mass.), and 2.0 l of a solution containing 15% (wt/vol) Ficoll, 0.10% (wt/vol) bromophenol blue, and 0.10% (wt/vol) xylene cyanol in distilled water. The solutions were heated at 95°C for 4 min and immediately placed on ice. Samples were loaded on the gels and electrophoresed in a refrigerated vertical electrophoresis chamber (Novex Thermoflow; Electrophoresis Temperature Control System, San Diego, Calif.). Optimization was performed by comparing the profiles of four Borrelia genospecies (B. afzelii, B. garinii, B. burgorferi sensu stricto, and B. valaisiana) previously identified by RFLP and sequence analyses of the initial PCR product. After the SSCP conditions were optimized, all positive PCR products were grouped by genospecies according to the previously obtained RFLP profiles. Each group of SSCP samples was electrophoresed simultaneously on a single gel in order to detect minimal intraspecific differences. After electrophoresis, the gels were stained with SYBR Gold nucleic acid gel stain (Molecular Probes) for 20 min, and the profiles were visualized with a UV transilluminator. At least two representative samples of each unique profile were selected for sequencing.
Mixed infections were suspected when a profile was characterized by more than two single-strand fragments. In these cases, a small portion of each band was punched out separately with a 200-l pipette tip. This small portion of gel was placed directly into 22.5 l of PCR master mixture containing primers IGSa and IGSb, and the nucleic acid fragment was reamplified (see above). The PCR products obtained after reamplification of each band were sequenced separately.
Sequencing and sequence analysis. Sequencing was performed at the W. M. Keck Foundation Biotechnology Resource Laboratory (Yale University). For the intergenic spacer and the flagellin amplicons, both DNA strands were sequenced with the same primers that were used for the initial PCR. After the two extremities of the 16S rRNA gene of I-77 were sequenced with primers 16Sf1 and 16Sr, the central part of the sequence was completed by using primers 16Sfin1 and 16Sfin2 ( Table 1) .
The complementary strands of each sequenced product were assembled by using SeqMan (Lasergene DNA*, Madison, Wis.). When ambiguities could not be solved by assembling the two strands, the PCR was repeated and the strands were sequenced again. For I-77, the flagellin fragment, the intergenic spacer region, and the 16S ribosomal DNA (rDNA) fragment were compared to GenBank entries by performing BLAST searches (Wisconsin Package; Genetics Computer Group, Madison, Wis.) (2) . Representatives of each B. burgdorferi sensu lato genospecies were selected from the GenBank database, and their intergenic spacer sequences were used for inferring phylogenies. The GenBank accession numbers of the homologous sequences used and of our genotype sequences are indicated in Fig. 3 . Homologous sequences were aligned by using the CLUSTAL X multiple-sequence alignment program (version 1.81) (52) . We used a gap creation penalty of 6 and a gap extension penalty of 5 because these intergenic spacer sequences are characterized by frequent indels of variable lengths. Uncorrected "p" pairwise distances were evaluated by using PAUP* 4.0 (51). Phylogenetic reconstructions with the intergenic spacer sequences were inferred by using MrBayes 2.01 (19) . Each Markov chain (four simultaneous chains, three cold and one heated) was started from a random tree and run for 200,000 cycles, and trees were sampled every 100th cycle. Among-site variation rates were set to gamma distribution. We used the general time-reversible model of nucleotide substitution. The initial samples, obtained before the likelihood values stabilized, were discarded. The tree in Fig. 3 represents the 50% majority rule consensus (PAUP*) for the remaining sampled trees. The reliability values were the percentages of times that given lineages occurred among the sampled trees. For comparison, a maximum-likelihood tree was inferred from the data set by using PAUP*. A maximum-parsimony tree was used as the starting point for the maximum-likelihood heuristic search and for preliminary estimates of the substitution model (general time reversible), base frequencies, proportions of invariable sites, and among-site variation rates. B. burgdorferi sensu stricto genotypes were used as outgroups for the intergenic spacer tree. Statistical analysis. Differences in the prevalence of B. burgdorferi sensu lato among females, males, and nymphs were compared by using the chi-square test. A P value of Ͻ0.05 was considered statistically significant.
Nucleotide sequence accession numbers. 
RESULTS
DNA extraction and PCR. The cytochrome b primers detected DNA in 370 of 374 ticks examined. Therefore, only these 370 ticks (68 females, 41 males, and 261 nymphs) were analyzed further for the presence of Borrelia by using the IGSa and IGSb primers. The intergenic spacer was amplified in 76 (20.5%) of them. The highest prevalence was found for female ticks (30%), and the values were lower for males (19.5%) and nymphs (18%) ( Table 2 ). The differences in prevalence were found to be significant only between nymphs and females (P Յ 0.025; df ϭ 1), whereas the differences were not significant between nymphs and males (P Յ 1; df ϭ 1), between males and females (P Յ 0.2; df ϭ 1), or between nymphs and total adults (P Յ 0.1; df ϭ 1).
PCR-RFLP analysis. RFLP analysis of the amplified products resulted in characterization of five distinct profiles (Table  2) . Combined profiles, corresponding to double infections, were observed in four tick samples. After two representatives of each profile were sequenced, the sequences were compared to homologous DNA fragments in the GenBank database, and each profile was classified accordingly into a genospecies. Of the 76 positive ticks, 43 (56.5%) were infected with B. afzelii, 14 (18.4%) were infected with B. garinii, 7 (9.2%) were infected with B. valaisiana, 6 (7.9%) were infected with B. burgdorferi sensu stricto, 2 (2.6%) were infected simultaneously with B. garinii and B. valaisana, and 2 (2.6%) were infected simultaneously with B. afzelii and B. burgdorferi sensu stricto (Table 2) . A unique profile (tick I-77), different from all other profiles, went unnoticed because it was very similar to a B. afzelii-like profile. Minimal differences were detected only after the I-77 sample was electrophoresed again and for a longer time on an RFLP gel. The distributions of the different genospecies between genders did not differ significantly.
PCR-SSCP analysis. The optimal conditions for PCR-SSCP electrophoresis were 15°C, a 20% Tris-borate-EDTA gel, and 4 h. The PCR-SSCP results largely confirmed the RFLP results in terms of genospecies identification (Table 2 ). There were, however, a few exceptions. One tick (tick D-5), which was found to be infected with B. burgdorferi sensu stricto by RFLP analysis, proved to be infected with two different strains (B. burgdorferi sensu stricto and B. afzelii) when it was reanalyzed by the PCR-SSCP method. Similarly, a nymphal tick that was infected with B. garinii as determined by RFLP analysis proved to be infected with two different B. garinii strains when it was tested by the SSCP method (Tables 2 and 3) .
As determined by SSCP analysis, the Borrelia strains detected were subdivided into 16 different profiles (Table 3) , which we call genotypes in this paper. Positive samples that were identified by RFLP analysis as B. burgdorferi sensu stricto were subdivided into three distinct SSCP profiles. The 43 samples characterized by a B. afzelii RFLP profile corresponded to three different SSCP profiles, and one of them (sample D-3) was the most prevalent strain in our overall sample. The seven ticks infected with B. valaisiana were subdivided into five different SSCP profiles. B. garinii, found in 14 specimens, was represented by four different SSCP profiles. One nymph was simultaneously infected with two B. garinii strains (genotypes J-21 and E-3). Other mixed infections were found in three females that were simultaneously infected with B. burgdorferi sensu stricto and B. afzelii and in two nymphs that were simultaneously infected with B. garinii and B. valaisiana. One positive nymph (tick I-77) had a unique SSCP profile. Its RFLP profile was considered to be identical to that of B. afzelii at first. After the SSCP data were analyzed and the amplicon was sequenced, it became clear that this strain was different from all other strains. Examples of PCR-SSCP profiles are shown in Fig. 1 and 2 .
In our overall sample, when we included specimens infected simultaneously with two spirochetes, B. afzelii, B. garinii, B. valaisiana, B. burgdorferi sensu stricto, and strain I-77 were found in 12.4, 2.4, 4.6, 2.2, and 0.3% of the questing nymphal and adult ticks, respectively.
Sequence and phylogenetic analyses. All intergenic spacer sequences corresponding to identical SSCP profiles were found to be identical, and none of the identical sequences corresponded to a different profile. The lengths of our amplicons varied from 222 to 256 bp. The representative nucleotide sequences of the B. afzelii SSCP profiles differed by 7 to 14 bp, the representative nucleotide sequences of the B. burgdorferi sensu stricto SSCP profiles differed by 1 to 4 bp, the representative nucleotide sequences of the B. garinii SSCP profiles differed by 2 to 5 bp, and the representative nucleotide sequences of the B. valaisiana SSCP profiles differed by 1 to 13 bp (indels included). When the sequences were aligned with other homologous sequences from the GenBank database, the total alignment was 269 bp long. The uncorrected p pairwise distance differences varied from 0.01 to 11.4%. The B. burgdorferi sensu stricto genotypes differed by 0.01 to 1.2%, the B. afzelii genotypes differed by 0.4 to 5.3%, the B. garinii genotypes differed by 0.4 to 1.9%, and the B. valaisiana genotypes differed by 0.4 to 1.2%. Genotype I-77 differed from its closest relative, A14S, by 4%.
The pairwise uncorrected p distances between the 16S rDNA of I-77 and the 16S rDNA of other B. burgdorferi sensu lato species varied from 0.7% (B. afzelii) to 2.0% (B. burgdorferi sensu stricto). A14S was found to be the most closely related strain (0.3%). The difference between the I-77 and A14S sequences indicates that these two strains belong to the same genospecies. Indeed, the distance values for members of single genospecies varied from 0.4% (B. afzelii strains) to 0.5% (B. garinii strains). We did not use the 16S rDNA data set for phylogenetic analysis, because the low variability of Borrelia sequences does not provide sufficient resolution within B. burgdorferi sensu lato taxa, as has been repeatedly demonstrated (34, 41, 44) .
When the I-77 flagellin sequence was compared with the sequences of homologous representatives of all recognized Borrelia sensu lato genospecies, the uncorrected p distance values varied from 5.5% (Borrelia tanuki or B. afzelii) spirochetes (14.4 to 18.8%). The flagellin sequence of A14S is unfortunately not available in the GenBank database, and therefore, we could not determine whether this organism is also the closest relative of I-77. The phylogenetic tree inferred from the intergenic spacer data shows how our genotypes clustered with previously recognized genotypes (Fig. 3) .
DISCUSSION
There is increasing evidence that spirochetes belonging to a single genospecies are more heterogeneous than previously expected in terms of their ecology and the clinical manifestations which they cause. Thus, the main aim of this study was to develop simple detection and identification methods to differentiate genotypes within Borrelia genospecies.
As determined by PCR, the overall prevalence of infection in our sample (20.5%) is consistent with that reported for neighboring Germany (18.1%) (30) but lower than that reported for a geographically close Slovak area (40 to 49%) (14, 30) . Our results further confirm the fact that prevalence values are very variable even over relatively small geographical areas. The overall prevalence in adults (26.7%) and the overall prevalence in females (30%) were found to be higher than the prevalence in nymphs (18%), which is in agreement with the general pattern of increasing Borrelia prevalence through the life stages of ticks (18) . However, the infection prevalence in males (19.5%) did not appear to follow the same pattern as the infection prevalence in females, but the infection rate was comparable to the infection rate in nymphs. This was most likely due to the small sample size for males. However, similar results were recently obtained in the same area by N. Rudenko and L. Grubhoffer (personal communication). In the overall sample of these workers (199 adult ticks), the infection prev- alence in males was 14.4% and the infection prevalence in females was 39.8%. The differences in this case were highly significant (df ϭ 1; P Յ 0.001). We could, therefore, hypothesize that males may differ from females in feeding behavior.
Through their life stages, males may switch more easily than females from one type of host to another (for instance, a male may feed on a bird as a larva and on a rodent as a nymph). A spirochete acquired during the first blood meal may be cleared from the tick during the second blood meal by activation of the alternative pathway of rodent complement (23, 29) . The sources of several blood meals can be determined in adult ticks by amplifying fragments of cytochrome b of the vertebrate hosts (26) . It would certainly be worthwhile to establish whether female and male I. ricinus ticks have the same feeding behavior.
Our PCR-RFLP results show that B. afzelii is the predominant genospecies in the region studied, which is in agreement with some previous reports from Slovakia and Germany (14, 30) . This is also the first time that the occurrence of B. valaisiana has been reported in this geographical area. In a single study the workers (48) reported that B. burgdorferi sensu stricto was the prevalent genospecies in the same area of the Czech Republic. However, these results were obtained by isolating spirochetes in BSK medium before they were identified by Western blot analysis. It is likely that isolation techniques preferentially select Borrelia strains (38) which are better adapted than other strains to in vitro growth conditions. Therefore, we believe that these results are not comparable to ours.
The human pathogens, B. burgdorferi sensu stricto, B. afzelii, and B. garinii, are known to be associated with different clinical forms of Lyme disease. B. burgdorferi sensu stricto predominantly causes musculoskeletal disorders, B. afzelii causes cutaneous manifestations, and B. garinii causes neurological disorders (5, 53, 57) . In the Czech Republic, a recent clinical survey showed that 65% of the Lyme disease patients had skin lesions, 12% suffered from neuroborreliosis, and 9% had musculoskeletal disorders (D. Janovská, B. Macková, M. Vondrová, and D. Hulínska, Abstr. Tick-Borne Infect. Dis. Other Zoonoses, p. 19, 2001) . It is interesting that this pattern is similar to the pattern of our prevalence data for ticks (59.2, 21.1, and 10.5%, respectively).
The frequency of multiple infections in I. ricinus appears to be very variable, depending on the geographical area (11, 24, 30, 37, 40) . In our case, the overall prevalence of double infections in positive ticks was relatively low (6.6%) and comparable to previously reported data (8.2%) (30) . We believe, however, that when one of the two infecting strains is sufficiently predominant in a tick specimen, the PCR technique fails to detect a mixed infection. The relatively low prevalence of double infections in our sample could also be explained by the habit of frequent host type switching between stages (23, 30) .
The combination of B. garinii and B. valaisiana infections in questing nymphs is not surprising. These nymphs must have acquired both infections from their larval hosts, which, if theories about innate immunity are correct, were more likely to be birds, as birds are competent reservoirs for both genospecies (23, 30) . B. burgdorferi sensu stricto is known to show variable levels of resistance to different complement types (30) . Genotype I-208 was found in two female ticks also infected with B.
afzelii, a genospecies more frequently associated with rodents. This may indicate that genotype I-208 is indeed one of the B. burgdorferi sensu stricto genotypes tolerated by rodent complement.
The PCR-SSCP method, which has been applied to analysis of a variety of genes (ospA, P66, and flagellin), has been used for detection of differences within Borrelia genotypes previously (15, 38, 45) . We decided to use the rrfA-rrlB intergenic spacer, which is known to be very variable among B. burgdorferi sensu lato strains and has the advantage of having already been widely used by European workers for differentiation of genospecies by RFLP analysis (12, 14, 27, 39) . Furthermore, the relatively small size of the amplified fragment (ϳ230 to 250 bp) is particularly suitable for SSCP analysis. By using SSCP analysis we detected and differentiated 16 different genotypes (Table 3). Advantages of SSCP analysis over RFLP analysis have been emphasized previously (50) . PCR-RFLP analysis is certainly a very practical approach for rapidly screening a large data sample and therefore should not be dismissed. However, the SSCP technique requires fewer time-consuming steps and a smaller amount of PCR products (5 instead of 13 l). In order to obtain a level of discrimination similar to that obtained with RFLP analysis, amplicons should be digested with several enzymes, and each sample should be repeatedly electrophoresed on several different gels. SSCP analysis allowed us to obtain the same amount of information by using a single 25-l PCR mixture and a single SSCP gel, which in the long run turned out to be a much more economic method. Our results also show that single nucleotide differences can be detected by SSCP analysis; examples of this are the differences between genotypes I-181 and I-208, between genotypes I-30 and I-214, and between genotypes B-4 and I-214. Another obvious advantage of SSCP analysis is the fact that multiple infections can be easily identified by reamplifying and directly sequencing each distinctive band on the gel without having to resort to long cloning procedures. Furthermore, unlike RFLP analysis, double infections with different genotypes of a single genospecies can also be detected, as the rrfA-rrlB intergenic spacer is not a repeated fragment within the rrn ribosomal cluster (57) .
PCR-SSCP analysis also helped us identify genotype I-77 as a new genotype. Indeed, the profile was initially identified as B. afzelii by RFLP analysis and could have been missed if we had not compared RFLP and SSCP results. The occurrence of genotype I-77 in a single nymphal tick in this area may have been an accidental unique finding. However, the close relationship of this strain with a recognized human pathogen, A14S, should prompt further studies of this newly described genotype (56) . Intergenic spacer and 16S rDNA similarity values seem to indicate that I-77 should belong to the recently recognized A14S genospecies (56) . The interest in the intergenic spacer tree results essentially from its ability to cluster genotypes into genospecies. Although most of its lineages appear to be surprisingly fairly well resolved, the global topology of the intergenic spacer tree has to be considered with some caution, because the aligned sequences are very short (269 bp) and the frequencies and lengths of indels are proportionally high.
Our results confirm recent findings concerning the clonal diversity of B. burgdorferi sensu lato (5) 
